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Abstract 
 
This dissertation was written as part of the MSc in Sustainable Agriculture and Business 
at the International Hellenic University.  
Over the past decades, the industrial model of agriculture by certain intensive farming 
practices, such as monoculture, has led to excessive use of pesticides and fertilizers, 
resulted in soil degradation. This literature-based study aims at creating a database 
regarding the most important soil botanical organic amendments commonly used in 
sustainable agriculture. Particular importance and preference has been given in 
bibliographic sources have been written from 2012 onward. 
In this dissertation, beyond the extensive reference in the beneficial effects of soil 
botanical organic amendments in improving and maintaining soil fertility, plant 
productivity as well as crop yield and quality, green manures, cover crops, composts, 
plant residues and various plant by-products contain secondary metabolites which are 
identified and appear remarkable activity against soil-borne diseases mostly caused by 
fungi and nematodes. Furthermore, all the cases, reported in bibliography, were 
recorded with particular attention to the application rates of organic amendments, the 
target parasite, the effect of organic amendments upon parasites, and the active 
ingredients of organic amendments. 
Organic amendments mainly derived from plant species of Brassicaceae and Asteraceae 
families, neem (Azadirachta indica), seaweeds and composts seem to appear the most 
effective results of nematicidal, fungicidal and herbicidal activity because of their active 
substances they contain such as glucosinolates in Brassicaceae species which can cause 
inhibition or even suppresion of parasites emergence.  
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Introduction 
 
Soil constitutes an integral part not only of agro-ecosystems but of terrestrial ecosystems and 
has a vital role in agricultural productivity, prevention against erosion and inundation, 
atmospheric carbon and nitrogen fixation and other important functions (Larney & Angers 
2012). In fact, it can be considered as a dynamic ecosystem itself as it is made up of living 
and non-living components such as air, water and minerals in a great diversity and it functions 
through different interactions and synergies from decomposition to humification and from 
mineral weathering to trophic networks and food web (Ponge 2015). 
Over the past decades, the industrial model of agriculture by certain intensive farming 
practices, such as monoculture and tillage, led to excessive use of pesticides and fertilizers, 
resulted in disturbance of ecosystems‘ balance, desertification, soil degradation through 
erosion, soil salinization and other harmful consequences (Montiel-Rozas et al. 2018). 
Furthermore, these practices can cause significant increase of phytoparasites and more 
specifically, soil-borne fungal pathogens such as Fusarium oxysporum and nematodes such as 
Meloidogyne spp. and decrease in abundance of beneficial microorganisms (Bailey & 
Lazarovits 2003). Given the fact that the world population increases uninterrupted and the 
agricultural land decreases because of soil degradation, there is the necessity for restoration of 
soil fertility and development of productivity of damaged soils (Abd-Elgawad, & Askary 
2015). 
The soil restoration can be achieved by alternative agricultural practices which approach the 
eco-sustainable management of crops. In this respect, and in order to reduce or ideally, 
eliminate the use of inorganic inputs (i.e. fertilizers) the incorporation of botanical soil 
amendments is among the appropriate practices (Montiel-Rozas et al. 2018). As botanical soil 
amendments are considered those which derived from plants or plant parts such as green 
manures, cover crops, composts, agricultural wastes, agro-industrial wastes and various plant 
byproducts (Scotti et al. 2015). 
The application of botanical soil amendments mentioned above provides soil with nutrients 
and conduces to balance maintenance and closing the ecological cycles. It promotes the 
improvement of soil quality by enhancing biological and physicochemical properties. More 
specifically, studies have shown that the addition of this type of organic amendments 
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ameliorates field capacity by increasing soil water holding capacity and microbial activity to 
soil (Laishram et al. 2012). Furthermore, they may cause better nitrogen fixation, carbon 
sequestration, control of populations of pathogens (fungi, bacteria, nematodes) and 
conservation of biodiversity (Diacono & Montemurro 2010). 
Αpart from the beneficial effects on soil quality, over the last years, many studies have 
focused on plant protection properties that these organic amendments present, due to active 
ingredients that they contain.  By the decomposition of these amendments in the soil, the 
secondary plant metabolites are released and suppress effectively soil-borne pathogens 
(Bailey & Lazarovits 2003). Many active compounds have been isolated from plants and 
analyzed (Chitwood 2002). Such active ingredients with nematicidal and fungicidal activity 
are contained in many plants that among them are Brassicaceae plants, Asteraceae plants and 
neem (Azadirachta indica) (Oka 2010). 
Biofumigation is an eco-sustainable process, where the decomposition of glucosinolates 
(natural compounds of aromatic plants, e.g. Brassicaceae) results in their hydrolysis products, 
isothiocyanates which have remarkable activity against soil-borne diseases and plant parasitic 
nematodes (Lazzeri et al. 2013). Neem is a plant widely known to contain substances such as 
azadirachtin, nimbin, salannin, whose activity is equal or even more effective than synthetic 
nematicides and fungicides (Oka 2010). Moreover, Asteraceae plants contain many flavonol 
products such as quercetin with significant activity against parasites (Muley et al. 2009). 
Fungi and nematodes are particularly examined as they are responsible for huge economic 
losses and they affect a wide range of hosts (Zaccardelli et al. 2013). Both of them are 
harmful as their life cycle is short and their expansion is rapid. Plant parasitic nematodes 
overcome 4000 species and among the most detrimental for crops are found to be root-knot 
nematodes, lesion and cyst-nematodes (Jones et al. 2013). On the other hand, certain species 
of fungi such as Fusarium oxysporum can also cause significant crop losses and are hard to be 
controlled by synthetic pesticides due to increased resistance that they have developed over 
the years (Zaccardelli et al. 2013). 
The aim of the specific study is to create a database regarding the most important soil organic 
amendments commonly used in sustainable agriculture as organic amendments and at the 
same time have been found to have a potential use against soil pathogens mainly fungi and 
nematodes. It will be investigated their role on improving and maintain soil fertility, plant 
productivity, crop yield and quality, as well as how they affect the soil-borne parasites. We 
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shall try to identify which compounds of these amendments have the major effect against soil 
microbial and nematode pathogens, and what is their effect on soil microbial community 
structure and soil functionality. Special attention will be paid to those amendments that are 
related to botanicals related to the Mediterranean region. This review will add further 
information in the international literature regarding the type of organic amendments that can 
be used as soil improvers and soil pathogen control agents at the same time. 
 
Materials and Methods 
 
In our study, the search of the appropriate articles was carried out through Scopus, Web of 
Science and Google Scholar. Particular importance and preference was given in bibliographic 
sources that have been written from 2012 onward. Since the subject of the study was the 
botanical soil amendments with plant protection properties as keywords were used botanical 
types of organic amendments combined with pesticidal activity. For botanical soil 
amendments some of the basic keywords were used: soil organic amendment, green manure, 
cover crop, plant residues, compost from plant wastes, biochar soil amendment, and seaweed 
compost. For the pesticidal activity of soil organic amendments some of the basic keywords 
were used: soil-borne diseases, nematicidal activity of soil amendments, fungicidal activity of 
soil amendments, brassicaceae amendments and nematicidal activity, neem organic 
amendments with pesticidal activity, secondary metabolites, organic amendments and 
herbicidal activity. 
In total, 37 researches have been recorded and analyzed based on the criteria of beneficial 
effects on soil properties and plant protection properties that the organic amendments may 
present. 
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Botanical soil organic amendments 
 
There are several types of soil organic amendments which are separated and categorized, 
based on the matter that are composed of (crop residues, vegetable wastes, seaweeds, agro-
industrial by-products etc.) (Scotti et al. 2015). In table 1 below, it can be seen the soil 
enhancement properties and the application rates of various organic amendments. 
 
Table 1. Botanical soil organic amendments and soil enhancement properties 
Reference Plant Species OAT* Dosage 
Effects on Soil 
Properties 
Kayani et al. 
(2012) 
Leaves of: 
 Cannabis sativa, 
 Zanthoxylum alatum 
Green 
manure 
0, 2, 4, 6, 
8, 10, 20 
g/kg of 
soil 
Soil Organic Matter 
(SOM) increase 
Caban et al. 
(2018) 
 Vicia villosa 
Green 
manure 
0, 10, 100 
mg/kg of 
soil 
Faster decomposition of 
plant residues and 
antitoxic effect due to 
increase of Firmicutes, 
Proteobacteria etc. 
Agbede et al. 
(2014) 
Mulch of: 
 Chromolaena 
odorata 
 Tithonia diversifolia 
Green 
manure 
0, 5, 7.5, 
10, 12.5 
t/ha 
Increase of: SOM, N, P, 
K, Ca and Mg 
Zheng et al. 
(2018) 
Mulch of: 
 Coronilla varia 
Cover crop 
Sowing 
rate: 
6 kg/ha 
Faster decomposition of 
green wastes, C and N 
increase due to increase 
of α- and δ-
Proteobacteria and 
Firmicutes 
Lucas (2013)  V. villosa Cover crop 
26 g/kg of 
soil 
-Enhancement of Large 
Macroaggregates 
-Increase of: Total 
Organic Carbon (TOC), 
Total Nitrogen (TN) and 
K 
Schmid et al. 
(2018) 
 Barley straw 
 Wheat straw 
 Sugar beet leaves 
Cover crop - 
Increase of soil 
decomposers and soil 
fertility 
Soheili & 
Saeedizadeh 
(2017) 
Chopped tissues of: 
 Brassica napus 
 B. oleracea 
 B. juncea 
 Lepidium sativum 
 Descurainia sophia 
Cover crop 
0, 10, 20, 
30, 40, 50 
g/kg of 
soil 
SOM increase 
Bernard et al. 
(2012) 
 B. napus Cover crop - SOM, C, N increase 
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Zhan et al. 
(2018) 
 Rice straw 
Crop 
residues 
- 
Increase of β-
Proteobacteria, SOM 
increase 
Iqbal (2018)   Rice straw 
Crop 
residues 
- 
-Increase of bulk SOM, N 
and P 
-Reduction of soil salinity 
Bonilla et al. 
(2012) 
 Pruning residues of 
avocado orchards 
(milled or uncut) 
 Fallen leaves of 
avocado 
Crop 
residues 
- 
Total Nitrogen, Total 
Carbon and Organic 
Carbon increase 
De Corato et al. 
(2018) 
 Arundo donax (2%) 
–Defatted olive marc 
(50%) – Fennel 
(48%) 
 Miscanthus sinensis 
(2%) – Coffee 
ground (50%) – 
Artichoke (48%) 
 Hibiscus cannabinus 
(2%) – Wood chip 
(50%) – Tomato 
(28%) and Escarole 
(20%) 
 Barley/wheat straw 
(2%) – Aspen chip 
(50%)
 – Artichoke 
(28%) and Fennel 
(20%) 
Compost - 
-Increase of soil 
microbial decomposers 
(Firmicutes, α- and γ- 
Proteobacteria) 
-C and N increase 
Li et al. (2018)  Soybean cake Compost 
3150 kg 
/ha 
-SOC, TN and 
Phosphorus increase 
-Degradation of 
pollutants due to the 
emergence of  beneficial 
fungus Mortierella 
elongata 
Vida et al. 
(2017) 
 Almond shells Compost 
0.5 
kg/pair of 
trees 
γ-Proteobacteria increase 
N increase 
Sahni et al. 
(2008) 
 Leaf litter and 
vegetable peels 
Vermicom
post 
10, 25, 
50% v/v 
N, P, K, S, Zn, Mn and 
Fe increase 
Karmakar et al. 
(2015) 
 Various agricultural 
wastes 
Vermicom
post 
- 
Amelioration of soil 
porosity and 
water holding capacity  
Joshi et al. 
(2014) 
 Various 
vermicomposts 
(review) 
Vermicom
post 
- 
Enrichment of soil 
microbial biomass, 
porosity, Electrical 
Conductivity (EC) 
Eyras et al. 
(2008) 
 Seaweeds (Ulva spp, 
Codium vermilara, 
Dictyota dichotoma 
and Ceramium 
rubrum) 
Compost 
5, 10 
kg/m
2
 
Increase of porosity, pH 
and EC 
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Ehteshamul-
Haque et al. 
(2013) 
 Dictyota indica 
 Padina 
tetrastromatica 
 Stoechospermum 
marginatum 
 Stokeyia indica 
 Sargassum swarzii 
 Soliergia robusta 
 Halimeda tuna 
Plant by-
products 
(powder of 
dried 
seaweeds) 
1.0% w/w 
-Enhancement of Plant 
Growth Promoting 
Rhizobacteria (PGPR) 
-N, P, K increase 
Marra et al. 
(2015) 
Biochar of: 
 Olive Mill Waste 
Biochar 50 g/L 
-Increase of soil pH and 
electrical conductivity 
-Degradation of 
pollutants 
Piotrowska et al. 
(2011) 
 Crude OMW 
 Dephenolized OMW 
Plant by-
products 
36 
ml/100g 
of soil  
 
Increase of TOC, TN, EC 
and Microbial biomass 
Hoagland et al. 
(2008) 
 Brassicaceae seed 
meal 
Plant by-
products 
1136 
kg/ha 
Increase of N 
*OAT: Organic Amendment Types 
 
Afterwards, the soil organic amendments presented in Table 1 will be further analyzed with 
special emphasis in the way each of them contributes to the improvement of soil quality. 
 
Green manures  
 
Green manures belong to botanical soil amendments that are used for the improvement of the 
soil and plant protection properties. Specific crops or parts of plants are incorporated while 
they are still green or shortly after blooming (Diacono & Montemurro 2010). Different types 
of green manures can promote different processes in the soil thus the choice of the appropriate 
green manure depends on the soil requirements (Knight et al. 2008). 
Kayani et al. (2012) used as green manure in their research the leaves of Zanthoxylum alatum 
and Cannabis sativa after the procedure of pulverization. Both of these organic amendments 
promoted the growth of the cucumber host-plant (Cucumis sativus). In general, as the 
application rate of C. sativa and Z. alatum increased, the shoot system of the plant also 
increased. However, C. sativa at the dosage of 10 g/kg of soil increased more the length 
(25.94%) and weight (49.96%) of cucumber‘s shoot system than Z. alatum (19.07% and 
22.37% respectively). This recorded plant growth may be attributed to nematode suppression 
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so that plants can be developed properly and also, to the improvement of soil fertility due to 
increased organic matter concentration through the incorporation of the leaves (Schmidt et al. 
2011). 
Caban et al. (2018) incorporated dried and homogenised hairy vetch (Vicia villosa), a legume 
plant, in soil contaminated by antibiotics in a pot experiment. The addition of hairy vetch 
amendment increased the dehydrogenase activity which is related with the soil microbial 
abundance and diversity. The total bacterial abundance (Proteobacteria, Actinobacteria, 
Verrucomicrobia and Firmicutes) significantly increased compared to chemical fertilization 
which contributed to faster decomposition of agricultural residues. Furthermore, the 
emergence of Firmicutes helped in the faster degradation of antibiotics.  
Agbede et al. (2014) used as green manure mulch of two plants Chromolaena odorata and 
Tithonia diversifolia which both belong in Asteraceae family, in a field experiment planted 
with yam (Discorea rotundata) in order to examine their beneficial effects in soil properties. 
Both treatments were tested at various rates, 0, 5, 7.5, 10 and 12.5 t/ha. It was found that as 
the rate application increased, bulk density decreased whereas soil organic matter and the 
essential macro (N, P, K) and micronutrients (Ca, Mg) significantly increased compared to 
control. The most efficient rates found to be the 7.5 and 10 t/ha. 
 
Cover crops 
 
Cover crops can be used as green manures and are usually cultivated for a part of the growing 
season (i.e. winter cover crops) in order to promote the physical fertility of soil and protect 
soil from erosion, diseases and pests (Scotti et al. 2015). Usually, as cover crops are used 
legume plants known for their nitrogen-fixing properties (Ryans & Rosenfeld 2018). 
Coronilla varia (Fabaceae) was planted in a field experiment as cover crop in apple orchards 
by Zheng et al. (2018) and used as mulch in the soil surface. After the addition of C. varia the 
abundance of bacteria that contribute to the faster degradation of green wastes increases (in 
particular, the abundance of Alphaproteobacteria, Deltaproteobacteria and Firmicutes) 
resulted in increase of essential mineral elements such as nitrogen and carbon. 
Dried and homogenized hairy vetch (Vicia Villosa) which was planted as a winter cover crop 
was used as organic amendment by Lucas (2013). After the hairy vetch treatment it was 
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observed that the large macroaggregates significantly increased effect that is linked to the 
protection of soil organic matter from decomposition, better holding capacity and protection 
from soil erosion. Furthermore, the fungal and bacterial abundance also increased resulting in 
increased total organic carbon (TOC), total nitrogen (TN) and potassium (K) values. 
Schmid et al. (2018) used as cover crop, barley and wheat straw and leaves from sugar beet in 
a crop-rotating field experiment of sugar beet, winter wheat and winter barley. It was 
observed that after the application of organic amendment there was a positive link (16.4%) 
between the bacterial phyla Chloroflexi (Kouleothrixaceae) and Cyanobacteria 
(Phormidiaceae) compared to control (16.1%) which are decomposers and their co-occurrence 
contribute to soil fertility. 
Soheili & Saeedizadeh (2017) observed that after the application of cut tissues from various 
Brassicaceae species (cabbage, flixweed, garden cress, mustard greens and rapeseed) in a pot 
scale experiment of tomato, the growth rate of tomato seedlings was significantly increased. 
Indicatively, the shoot fresh weight of tomato seedling in case of cabbage, at the dose of 50g 
organic amendment/kg of soil, increased to 39.3g compared to control, 35.09g, in case of 
flixweed the shoot fresh weight increased to 39.5g compared to control, 34.95g and in case of 
mustard greens the weight increased to 39.0g compared to control, 34.92g. The increase in 
weight should be connected with the increase of soil organic matter. 
Brassica napus was used fresh after two months of its planting as cover crop and it was 
incorporated into the soil in a potato field experiment by Bernard et al. (2012) in order to 
examine its beneficial effect in the soil. Soil microbial biomass increased significantly, almost 
doubled (40%) compared to control during spring and after the rapeseed incorporation. This 
increase in soil microbial biomass leads to the enhancement of soil carbon and nitrogen and is 
associated with the increase of organic matter. 
 
Crop residues 
 
Crop residues are left in the crop after the harvest as they contribute to the improvement of 
physicochemical properties (bulk density, electrical conductivity, pH) of the soil and can 
supply soil with organic matter (Singh & Rengel 2007) Straws from cereal crops can work 
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properly as organic amendments because they are valuable source of carbon, nitrogen and 
enhance soil with organic matter (Scotti et al. 2015). 
Zhan et al. (2018) examined as soil amendment the rice straw which remained after the 
harvest in the field and the way this amendment affected soil fertility. Fertilization with the 
organic amendment changed the composition of soil microbial community. After the 
application of straw, the abundance of bacterial phyla of Firmicutes and Acidobacteria 
decreased whereas β-Proteobacteria and Bacteroidetes increased. The latter two belong to 
copiotrophic bacteria which benefit from soil high fertility. This organic amendment 
contributed to the improvement of soil structure and consequently to faster degradation of rice 
straw. 
Iqbal (2018) used cut rice straw 2mm long as amendment in a saline rice field in order to 
assess its role in the nitrogen enrichment in the soil and its activity against salinity. The 
dosages of rice straw were 0, 75, 150, 300 and 600 g of rice straw mixed with 300 g air-dried 
soil and two varieties of rice were used as plant material, one tolerant and one sensitive to 
salinity. The presence of increased rice seedlings after the treatment of 300 g and 600 g of rice 
straw showed that the organic amendment may control the negative impact of salinity. 
Furthermore, as the rates of rice straw increased the bulk soil organic matter and bulk soil 
nitrogen also increased whereas bulk soil phosphorus increased only at the dosage of 75 g.  
The effect, of pruning residues (ground or uncut), almond shells and fallen leaves of avocado 
orchards, in soil microbial structure was researched by Bonilla et al. (2012). It was noticed 
that after the application of plant residues and because of their degradation the total nitrogen, 
total carbon and organic carbon increased. Furthermore, the bacterial abundance increased in 
the superficial layers of the soil compared to non amended soil. 
 
Composts 
 
Composts are produced from the decomposition of agro-municipal, industrial or agricultural 
wastes and they are widely used since they increase soil fertility. They are important source of 
organic matter and provide the soil with the required macro and micronutrients (Oka 2010). 
Composts as organic amendments are decomposed with slow rates in the soil therefore 
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nutrients remain for a longer time in the soil and as a result microbial population is conserved 
and remains active for a longer time (Diacono & Montemurro 2010). 
De Corato et al. (2018) used compost produced from steam-exploded liquid waste solution 
derived from Arundo donax
1
, Miscanthus sinensis
2
, Hibiscus cannabinus
3
 or barley/wheat 
straw
4
 combined with agro-industrial residues (defatted olive marc
1
, coffee ground
2
, wood 
chip
3
 or aspen chip
4
) and plant green wastes (fennel
1
, artichoke
2
, tomato and escarole
3
 or 
artichoke and fennel
4
). The indicators (1-4) intimate that Arundo donax combined with 
defatted olive marc and fennel, Miscanthus sinensis combined with coffee ground and 
artichoke and so forth. The population of Firmicutes, γ- and α- Proteobacteria increase after 
the compost treatments (De Corato et al. 2018). These phyla contain copiotrophic bacteria 
which choose soils with high C concentration. Treatments with composts contribute to soil 
nutrients especially, carbon and nitrogen therefore the growth and the activity of microbial 
biomass increases (Francioli et al. 2016). 
Li et al. (2018) used as organic amendment composted soybean cake at the dosage of 3,150 
kg C / ha per year in a crop rotation system with winter wheat and summer maize in a long 
term experiment (1981-2016). It was observed that at the jointing stage of maize and after all 
these years‘ of continuous soybean cake treatment, the soil fertility increased significantly as 
the soil organic carbon (SOC) increased by 39.7%, the total nitrogen by 41.1%, the dissolved 
organic nitrogen by 43.4% and the available phosphorus by 83.9%. Furthermore, fungal 
biomass and more specifically, Mortierella, Chaetomiaceae and Fusarium significantly 
increased, especially in the bulk soil and in the rhizosphere. These microorganisms are 
responsible for the decomposition of soil organic matter and Mortierella elongata may 
improve soil quality as it degrades organic contaminants from the soil. 
Vida et al. (2017) examined the beneficial effects of composted almond shells in avocado 
orchard. It was observed that after the compost treatment microbial community increased, 
especially γ-Proteobacteria. Members of γ-Proteobacteria are capable of fixing nitrogen in the 
soil and help in the oxidation of sulfur, iron and methane (Itävaara et al. 2016). 
Sahni et al. (2008) used as organic amendment vermicompost composed of dead leaves and 
vegetable peels at various dosages (10, 25 and 50% v/v) in a greenhouse experiment with 
chickpea plants. All the available nutrients (N, P, K, S, Zn, Mn and Fe) significantly 
increased, especially at the highest rate (50% v/v) of vermicompost, and most of them 
increased over 50% compared to no treated control. Karmakar et al. (2015) used 
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vermicompost constituted from various plant wastes in a crop rotation experiment with rice 
and lentil. After the vermicompost treatment the soil porosity and the maximum water holding 
capacity significantly increased compared to control.   Furthermore, the beneficial effects of 
vermicompost were researched by Joshi et al. (2014) who pointed out that vermicompost 
contributes to the enhancement of soil microbial population. 
 
Seaweeds 
 
Seaweeds are widely used as organic amendments for the soil since they contribute to soil 
fertility with macro and micronutrients that they contain (Eyras et al. 2008). Seaweeds (Ulva 
spp, Codium vermilara, Dictyota dichotoma and Ceramium rubrum) which obtained from a 
beach were composted and were used after 9 months and after 20 months by Eyras et al. 
(2008) in order to examine the improvement in the soil chemical properties in a field 
experiment with tomato plants. The rates for the composts were 5 and 10 kg/m
2
. Compost 
aged 9 months at the dosage of 10 kg /m
2
 significantly increased (74.1%) the electrical 
conductivity compared to control and increased pH by one unit from 6.0 to 7.0, so 
exchangeable calcium increased. Furthermore, seaweed improved porosity therefore increased 
water holding field capacity. 
Ehteshamul-Haque et al. (2013) showed the significance of the use of seaweeds as organic 
amendments in a field experiment with pepper and soybean plants in order to increase the 
plant growth promoting rhizobacteria (PGPR) and especially fluorescent Pseudomonas. In 
case of soybean, fluorescent Pseudomonas significantly increased (27.7%, 25.5% and 23.2%) 
after 60 days of P. tetrastromatica, H. tuna and S. marginatum treatments compared to 
control. In case of pepper, fluorescent Pseudomonas significantly increased after the 
treatments of S. binnderi, S. tenerrimum and H. tuna (94.4%, 91.9% and 86.1% respectively) 
compared to control (Ehteshamul-Haque et al. 2013). In both cases, as the population of 
fluorescent Pseudomonas increased the growth of soybeans and peppers also increased and 
this is due to increase of nutrient uptake and more specifically of N, P and K (Saber et al. 
2015). 
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Botanical by-products 
 
This category includes the organic and botanical by-products that are used as organic 
amendments and produced by industrial processes such as biochars and olive mill waste in 
order to improve soil productivity and maintain carbon level high (Marra et al. 2015 and 
Scotti et al. 2015).  
Marra et al. (2015) used biochar produced by olive mill waste which pyrolized at four 
different temperatures (300, 500, 800 and 1000 ºC) in order to examine the way the soil 
benefits. It was noticed that after biochars‘ treatments soil pH and electrical conductivity 
increased. Biochars reviewed recently by Bonanomi et al. 2015 who showed that as organic 
amendments may increase microbial population especially mycorrhizal fungi, improve soil 
nutrient uptake and have a positive impact in enhancement of soil quality since they may 
decompose pollutants. 
Piotrowska et al. (2011) used as organic amendment 36ml of olive mill waste crude or after 
the removal of toxic polyphenols (dephenolized) per 100 g of soil in a laboratory experiment. 
Total organic carbon and total nitrogen significantly increased especially after the 
dephenolized olive mill waste treatment compared to control (no treatment at all). Microbial 
biomass carbon and nitrogen significantly increased in both treatments compared to control. 
Electrical conductivity also increased by crude olive mill waste treatment compared to 
control. Both treatments enhance soil quality but dephenolized olive mill waste was more 
effective. 
Hoagland et al. (2008) examined the efficacy of Brassicaceae seed meal on the nitrogen 
enhancement of the soil in an apple orchard experiment. The treatment was applied at the rate 
of 1136 kg/ha. Nitrogen was significantly enhanced above 50% compared to control after the 
treatment and during two growing seasons in summer and autumn. This nitrogen enrichment 
played also significant role in the plant growth of the apples. 
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Plant Protection Properties 
 
All the aforementioned organic amendments apart from their role as improvers of soil quality 
properties, have also been found to have plant protection properties against soil-borne 
pathogens (nematodes, fungi, etc). By the decomposition of botanical soil organic 
amendments in the soil, active substances are released which reduce pathogens‘ activity and 
improve soil quality (Bailey & Lazarovits 2003). Furthermore, the use of botanical soil 
amendments constitutes a sustainable and eco-friendly solution to come up against plant 
pathogens (i.e. nematodes) as the use of synthetic, chemical pesticides decrease (Nguyen et al. 
2013). In the table 2 below, it can be observed the specific plant protection properties of 
various organic amendments at different application rates and the responsible active 
ingredients that present each pesticide effect. 
 
 
Table 2. Botanical soil amendments and plant protection properties 
Ref. Plant Species 
P/
F/I
V* 
Dosage PPT** Parasite Effect 
Active 
Ingredients 
Kayani et al. 
(2012) 
Leaves of: 
 Cannabis sativa, 
 Zanthoxylum alatum 
P 
0, 2, 4, 6, 8, 
10, 20 g / kg 
of soil 
Nem*** 
Meloidogyne 
incognita 
Decrease of: 
 Root-knot 
galls 
 Egg 
masses 
 Reproducti
on rate 
δ-9-
tetrahydrocanna
binol, 
limonene, 
linalool, β-
phellandrene 
Grabau & 
Chen (2014) 
 Calendula officinalis 
(fresh) 
P 
1.07%, 
2.86% w/w 
Nem 
Heterodera 
glycines 
Decrease of: 
 Egg 
masses 
oleanolic acid, 
limonene, 
quercetin, 
sinigrin, 
propenyl- and 
methyl-
isothiocyanate 
 Cuphea plant (fresh) 
2.86%, 
0.64% w/w 
 Field Pennycress 
(powder) 
0.10%, 
0.50% w/w 
 Canola meal 
0.20% 
1.00% w/w 
Pérez et al. 
(2003) 
Lyophylized and milled 
plant parts of: 
 Chrysanthemum 
coronarium 
(flowers, leaves, 
roots, seeds) 
 Chr. segetum 
(flowers) 
 Cal. officinalis 
(flowers) 
 Cal. maritime 
(flowers) 
 Cal. suffruticosa ssp. 
algarbiensis 
(flowers) 
P 
5 g/0.5L of 
soil 
Nem M. artiellia 
Decrease of: 
 Rep. rate 
oleanolic acid, 
limonene,querce
tin 
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Atandi et al. 
(2017) 
 Mulch of Tithonia 
diversifolia 
F 
4312 kg/ha 
Nem 
Meloidogyne 
sp. 
Platylenchus 
sp. 
 Reduction 
in 
nematodes
‘ 
population 
oleanolic acid, 
limonene,querce
tin, azadirachtin, 
kaempferol, 
nimbin, 
nimbidin 
 Compost 4640 kg/ha 
 Neem cake 448 kg/ha 
Galadima et 
al. (2015) 
 Neem kernel F 
11.5 g/4m2 
plot 
Nem 
Meloidogyne 
spp. 
Decrease of: 
 Rep. rate 
azadirachtin, 
kaempferol, 
nimbin, 
nimbidin 
Mwangi et al. 
(2018) 
 Neem P 20 g / plant 
Nem M. javanica 
Decrease of: 
 Galls 
 J2 (2nd 
stage juv.) azadirachtin, 
kaempferol, 
nimbin, 
nimbidin 
Fung 
Fusarium 
oxysporum f. 
sp. lycopersici 
 Suppresion 
of fungus 
 Decrease 
of fungus 
propagules
/root 
Soheili & 
Saeedizadeh 
(2017) 
Chopped tissues of: 
 Brassica napus 
 B. oleracea 
 B. juncea 
 Lepidium sativum 
 Descurainia sophia 
P 
0, 10, 20, 
30, 40, 50 
g/kg of soil 
Nem M. javanica 
Decrease of:  
 Fecundity 
(egg 
masses, 
rep. rate) 
sinigrin, 
propenyl- and 
methyl-
isothiocyanate 
Renčo & 
Kováčik 
(2015) 
 Vermicompost (70% 
green wastes, 30% 
leaves) 
F 
0, 10, 20, 
40, 60 t/ha 
Nem 
Globodera 
rostochiensis, 
G. pallida 
Decrease of: 
 Eggs 
 J2 
 Rep. rate 
nitrites, 
ammonia, 
hydrogen 
sulfide  
Ozores-
Hampton et 
al. (2012) 
Compost of: 
 Yard trimmings and 
biosolids 
F 45 mg/ha 
Nem 
Ring, Sneath, 
Root-knot 
nematodes 
Decrease of: 
 Nematode 
population 
 
Herb 
Various 
weeds 
Decrease of: 
 Weed 
emergence 
Yadav et al. 
(2014) 
 Neem cake 
 Mustard cake 
 Vermicompost 
IV 
10%, 20%, 
30% 
Fung F. oxysporum 
Inhibition of: 
 Mycelial 
growth 
allyl-
isothiocyanate, 
benzyl-
isothiocyanate, 
niazirin, 
niazirinin 
Prasad & 
Kumar 
(2016) 
Milled plant parts of: 
 Brassica alba 
 B. nigra 
 B. napus 
 B. rapa 
 B. juncea 
 B. carinata 
P/ 
IV 
10, 50,  100 
mg/plate 
Fung 
F. oxysporum 
f. sp. Ciceris 
 Inhibition 
of myc. 
growth 
 Decrease 
in the 
mortality 
of host 
plant 
sinigrin, 
glucoberin, 
glucobrassicana
pin 
Sameer et al. 
(2018) 
 Neem cake 
 Mustard cake 
 Dal weed 
 Vermicompost 
F 
1 t/ha 
0.405t /ha 
2 t/ha 
0.5 t/ha 
(respectivel
y) 
Fung 
F. 
moniliforme 
var. 
intermedium 
F. oxysporum 
f. sp. gladioli 
 Increased 
yield of 
corm 
 Increased 
number of 
leaves 
(due to the 
suppr. of 
fungus) 
allyl-
isothiocyanate, 
benzyl-
isothiocyanate, 
niazirin, 
niazirinin 
sinigrin, 
glucoberin, 
glucobrassicana
pin 
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Mitsuboshi et 
al. (2018) 
 Rapeseed meal 
 Compost of coffee 
waste 
F 
0.94-4.7 t/ha 
40 t/ha 
Fung 
F. oxysporum 
f.sp. 
spinaciae, 
F. oxysporum 
f. sp. lactucae 
 Fungus 
suppr. 
4-
methylsulphinyl
butyl 
isothiocyanate, 
allyl-
isothiocyanate, 
benzyl-
isothiocyanate 
Mierzwa-
Hersztek et 
al. (2018) 
Water compost extracts 
made of: 
 rape, wheat and 
maize straw and 
pericarp of peas 
IV 
0.1, 1.0, 10 
mm3/ cm3 
Fung 
Alternaria 
alternate 
F. culmorum 
 Decrease 
of fungi 
biomass 
4-
methylsulphinyl
butyl 
isothiocyanate, 
allyl-
isothiocyanate, 
benzyl-
isothiocyanate 
Ehteshamul-
Haque et al. 
(2013) 
Powder of dried 
seaweeds 
 Dictyota indica 
 Padina 
tetrastromatica 
 Stoechospermum 
marginatum 
 Stokeyia indica 
 Sargassum swarzii 
 Soliergia robusta 
 Halimeda tuna 
P/F 1.0 % w/w Fung 
Macrophomin
a phaseolina 
Rhizoctonia 
solani 
Fusarium 
solani 
 Decrease 
of fungi 
emergence 
palmitic acid, 
linolenic acid, 
lauric acid, oleic 
acid, stearic acid 
Zhou & 
Everts (2012) 
 Dried mulch of hairy 
vetch 
F 6.9 t/ha Fung 
Colletotrichu
m orbiculare 
Didymella 
bryoniae 
 Decrease 
of fungi 
emergence 
 
Hoagland et 
al. (2008) 
Seed meals of: 
 Brassica napus 
 B. juncea 
 Sinapis alba 
F 0.3% v/v Herb 
Triticum 
aestivum 
Echinochloa 
crusgalli 
Amaranthus 
retroflexus 
 Decrease 
of weeds 
emergence 
propenyl 
isothiocyanate,  
methyl 
isothiocyanate 
Efthimiadou 
et al. (2012) 
 Barley mulch F 
5, 10, 20 
t/ha 
Herb 
Amaranthus 
retroflexus 
Portulaca 
oleracea 
Setaria viridis 
Polygonum 
aviculare 
 Decrease 
of weeds 
emergence 
 
Matteo et al. 
(2018) 
Deffated seed meals of: 
 Brassica nigra 
 B. tournefortii 
 Eruca sativa 
 Rapistrum rugosum 
 Sinapis alba 
IV 15 mg/ml Herb 
Alopecurus 
myosuroides 
 Inhibition 
of black 
grass 
sprouting 
2-propenyl 
glucosinolate 
4-
methylthiobutyl 
glucosinolate 
*P: Pot experiment, F: Field experiment, IV: In Vitro 
**PPT: Plant Protection Properties 
***Nem: Nematicide, Fung: Fungicide, Herb: Herbicide 
 
Consequently, the organic amendments presented in the table above will be further analyzed 
with special emphasis in the pesticide activity (nematicidal, fungicidal and herbicidal) may 
present. 
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Nematicidal activity 
 
Green manures, cover crops, plant residues and composts appear remarkable nematicidal 
activity. Kayani et al. (2012) studied the effect of Cannabis sativa (Cannabaceae) and 
Zanthoxylum alatum (Rutaceae), upon root-knot nematode Meloidogyne incognita a nematode 
which causes huge quality and economic losses to a wide range of plant hosts in a pot scale 
experiment with cucumber plants. The most intense activity against this nematode appeared in 
C. Sativa in the dosage of 20 g per kg of soil the decrease in root-knot galls reached up to 
53.88%, the decrease in egg masses was 62.15% and the decrease in the reproduction rate was 
72.17% compared to control. Z. alatum in the same dosage (20g per kg of soil) showed also 
significant results, 44.57% decrease of galls, 55.75% decrease of egg masses and 63.92% 
decrease of the reproduction rate, compared to control (Kayani et al. 2012). 
C. sativa contains cannabinoids such as delta 9-tetrahydrocannabinol which has proven 
fungicidal and bactericidal activity, but its role against nematodes has not been proved yet 
(Kayani et al. 2012). On the other hand, Z. alatum contains substances such as limonene, 
linalool, β-phellandrene that appear nematicidal activity (Kim et al. 2011). The exact mode of 
action is not completely explained. A previous research from Ryan & Byrne (1988) proved 
that for insects the mode of action is linked with the inhibition of acetylcholinesterase which 
causes trouble in their nervous system.  Since nematodes have also acetylcholinesterase may 
the mode of action is mutual. Another feasible explanation is that the extracts of plants used 
as organic amendments may break the cell membrane of PPNs and negatively change 
membrane‘s permeability (Bunt 1975). 
Grabau and Chen (2014) used fresh marigold plant (Calendula officinalis, Asteraceae) at two 
application rates 1.07% and 2.86% w/w and Cuphea plant (Lithraceae) 2.86% and 0.64% 
w/w, which were chopped in 2 cm long sections, field pennycress seed powder (Brassicaceae) 
(milled in coffee grinder) 0.10% and 0.50% w/w and canola meal (Brassicaceae) 0.20% and 
1.00% w/w, in a pot-scale experiment with soybean in a greenhouse in order to examine their 
activity against a cyst nematode, Heterodera glycines. In 40 days after planting egg masses 
decreased by 35.2% for Cuphea plant (2.86% w/w), 46.6% for marigold plant (2.86% w/w), 
46.7% for pennycress seed powder (0.5% w/w) and 73.2% for canola meal (1% w/w) 
compared to control. However, the effectiveness of Cuphea plant and marigold plant lasted 
for only two generations of nematodes (70 days after planting). 
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Pérez et al. (2003) studied the nematicidal activity of lyophilised and pulverised plant parts of 
various Chrysanthemum and Calendula species (Chrysanthemum coronarium, 
Chrysanthemum segetum, Calendula officinalis, Calendula maritima and Calendula 
suffruticosa ssp. algarbiensis) (Asteraceae) which were used as green manure against root-
knot nematode Meloidogyne artiellia in a pot scale experiment in a growth chamber. The 
application rate was 5 g of pulverised plant parts per 0.5L of soil. The results of the 
effectiveness of these organic amendments were remarkable compared to the inoculated 
control and showed a significant decrease in nematodes‘ fecundity. More specifically, the 
reproduction rate (final nematode density per plant to initial nematode density per plant) of M. 
artiellia decreased significantly in case of C. suffruticosa ssp. Algarbiensis (2.2), C.officinalis 
(2.8) and C. coronarium (3.8) compared to control (54.5). In general, Asteraceae species 
appear great nematicidal activity because they contain active ingredients that can be lethal for 
harmful nematode species either by inhibiting egg hatch or by causing damage to second 
stage juveniles (J2). They contain active ingredients such as oleanolic acid, limonene and 
quercetin (Muley et al. 2009) that their nematicidal activity have been reviewed by (Ntalli & 
Caboni 2012). However, free-living nematodes remain unaffected from this activity (Tsay et 
al. 2004). 
Mulch of Tithonia diversifolia (Asteraceae) combined with compost and neem cake 
(Meliaceae) was used by Atandi et al. (2017) in order to examine the effectiveness in 
phytoparasitic nematodes in organic plots of maize intercropping with bean. The reduction 
especially in harmful root-knot and lesion nematodes such as Meloidogyne sp. and 
Platylenchus sp. was remarkable compared to control. The nematoxicity appeared in organic 
plots can be attributed to active substances contained in neem such as azadirachtin, 
kaempferol, nimbin and nimbidin (Oka 2010, Wani & Bhat 2012). As for T. diversifolia 
contains alkaloids and saponins which appear to cause nematicidal activity (Ntalli & Caboni 
2012).  
Galadima et al. (2015) used dried and milled neem kernels (11.5 g/ 4m
2
 plot) as organic 
amendment in order to examine its effectiveness against Meloidogyne spp in an okra field 
experiment. The ratio of the final population to initial population of the nematode decreased 
by 66.7% compared to control (no neem treatment). Because of this nematode suppression the 
growth of okra plants was significant as the root to shoot ratio increased from 30.2% (control) 
to 43.3%. 
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Neem was also used by Mwangi et al. (2018) in order to evaluate its nematicidal activity 
against Meloidogyne javanica in a pot scale experiment with tomatos. The number of galls 
cause by the nematode decreased by 8.8% compared to control in non-sterile soil whereas the 
number of the second stage juveniles (J2) decreased by 20.1% compared to control in non-
sterile soil. In sterile soil the decrease in galls was 16.2% and in the J2s was 22.4% compared 
to control. 
A study from Soheili & Saeedizadeh (2017) showed the beneficial results from cut tissues 
(0.5cm) from rapeseed (Brassica napus), cabbage (Brassica oleracea), mustard greens 
(Brassica juncea), garden cress (Lepidium sativum) and flixweed (Descurainia sophia) 
incorporated in a cultivation of tomato planted in pots against the root-knot nematode 
Meloidogyne javanica. The application rates were 0, 10, 20, 30, 40 and 50 g of cut tissues per 
1 kg of soil. The results were very effective and significantly decreased the fecundity i.e the 
reproduction factor and egg masses of M. javanica. More specifically, rapeseed, cabbage and 
garden cress showed effective nematode suppression, compared to control. This nematicide 
activity can be attributed not only to the existence of active substances mentioned above. 
Another explanation could be the difficulty of M. javanica to pass through the chop tissues 
(0.5 cm) of Brassica plants in order to reach the roots of the plant host, in this case tomato. 
In general, the family Brassicaceae contains compounds which are produced by the 
degradation of glucosinolates during biofumigation. These substances have nematicidal 
activity and may trigger the activity of microorganisms which compete against nematodes. 
Nitriles, isothiocyanates and thiocyanates are composed because of the myrosinase enzyme 
activity that causes hydrolysis of glucosinolates. Tissues of Brassicaceae plants should be 
used and incorporated as organic amendments during blooming where glucosinolates such as 
sinigrin are in the highest concentration (Fourie et al. 2016). Propenyl isothiocyanate and 
methyl isothiocyanate show significant activity apart from nematode to fungi, weeds and 
insects as well (Matthiessen & Kirkegaard 2006). 
Renčo & Kováčik (2015) examined the nematicidal activity of vermicompost composed from 
municipal agricultural wastes, 70% grass and 30% leaves in a pot scale experiment with 
potato plants. Globodera rostochiensis and Globodera pallida are two cyst-nematodes which 
cause huge losses in potato fields and by the application of vermicompost the results were 
significant. In case of G. rostochiensis, the quantity of cysts / 400g of soil decreased to 64.6% 
compared to control after the vermicompost treatment at the highest dose (66 t / ha). The 
population of eggs and juveniles per cyst decreased to 41.3% and the population in the soil 
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decreased to 79.3% compared to control. The reproduction factor also decreased to 79.1% 
compared to control. In case of G. pallida, the quantity of cysts / 400g of soil decreased to 
42.2% compared to control after the vermicompost treatment at the highest dose (66 t / ha). 
The population of eggs and juveniles per cyst decreased to 20.4% and the population in the 
soil decreased to 54% compared to control. The reproduction factor also decreased to 54% 
compared to control. This effectiveness can be attributed in the fact that vermicomposts can 
stimulate the presence and the growth of fungal parasites of nematodes (Kerry 1998, Renčo & 
Kováčik 2015). Furthermore, nitrites, ammonia and hydrogen sulfide are some of the 
substances produced by the decomposition of vermicompost in the soil and cause 
nematoxicity (Siddiqui & Mahmood 1998, Renčo and Kováčik 2015). 
Yard trimmings and biosolids compost constituted by untreated and unprocessed wood and 
yard residues (45 mg/ha) were used as organic amendment in a field experiment planted with 
watermelons and peppers by Ozores-Hampton et al. (2012) in order to examine its activity 
against plant parasitic nematodes. After the organic amendment treatment and under 
solarization and weed control, the population of ring nematodes per 100 cm
3
 of soil decreased 
to 68.9 % in pepper crops compared to non-biosolids treatment, sneath nematodes decreased 
to 95.6% and root-knot nematodes increased to 25.9%. As for watermelon crops, the 
emergence of root-knot nematodes decreased to 93.8% and stubby-root nematodes decreased 
to 73.7%. 
To sum it up, our search, as presented in Table 2, showed that the majority of studies have 
been paid to nematode species of Meloidogyne. Among the different origins of organic 
amendments, the ones derived from plant species of Brassicaceae (33%) and Asteraceae 
(29%) families and neem (Azadirachta indica) (14%) seem to have been examined more and 
are more effective and appropriate against plant parasitic nematodes (Figure 1). This activity 
is directly linked to secondary metabolites that they contain and have been mentioned above 
and in Table 2 such as sinigrin, limonene, azadirachtin etc. Additionally, in Figure 2, it can be 
observed that the main action and impact of organic amendments upon the nematode 
development seem to be the reduction of nematode fecundity i.e. the reduction of the 
reproduction rate of and the reduction of egg masses. 
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Figure 1. Botanical soil amendments and nematicidal activity 
 
 
 
Figure 2. Impact of botanical soil amendments on plant parasitic nematodes 
 
Fungicidal activity 
 
Yadav et al. (2014) used mustard cake, neem cake and vermicompost as organic amendments 
in three different concentrations (10%, 20% and 30%) in order to evaluate the inhibition of 
mycelial growth of Fusarium oxysporum, a harmful fungus in a vitro experiment. The results 
were remarkable as the neem cake in the highest concentration caused 80% inhibition, 
mustard cake 80.80% inhibition whereas vermicompost caused 64.95% inhibition compared 
Brassicaceae
Asteraceae
Neem
Composts
Cannabis sativa
Zanthoxylum alatum
Cuphea sp.
Root-knot galls
Egg masses
Reproduction rate
J2 stage
Nematode 
population
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to control. Neem (Azadirachta indica) contains active ingredients such as β-sitosterol and 
quercetin which are polyphenolic flavonoids known for their antifungal properties (Alzohairy 
2016). As for mustard plant, contains glucosinolates which after their decomposition produce 
substances with high antifungal activities (Sellam et al. 2007). Such substances (allyl 
isothiocyanate, benzyl isothiocyanate, niazirin, niazirinin) belong to isothiocyanates and 
nitriles (Faizi et al. 1994, Sellam et al. 2007). 
Milled plant parts of various Brassica species (B. alba, B. carinata, B. juncea, B. napus, B. 
nigra and B. rapa) were used both in vitro and in a glasshouse experiment by Prasad & 
Kumar (2017) in order to evaluate their antifungal activity against Fusarium oxysporum f. sp. 
Ciceris which causes fusarium wilt in chickpea. The organic amendments were in three 
concentrations (10, 50 and 100mg / plate) and showed great results in inhibition of the fungus 
in vitro. Especially, in case of B. alba, B. nigra and B. juncea the inhibition reached up to 
57.4%, 51.4% and 43.3% respectively in the highest concentration (100mg / plate) compared 
to control. Furthermore, in the glasshouse experiment the mortality of host plant (chickpea) 
decreased from 56.66% (control) to 10% (B. alba and B. nigra). Responsible for this 
antifungal activity seems to be various biofumigants such as sinigrin, glucoberin, 
glucobrassicanapin etc (Rosa et al. 2010, Prasad & Kumar 2017) 
Sameer et al. (2018) studied the activity of neem cake, mustard cake and dal weed as soil 
organic amendments combined randomly in 27 different combinations with three 
biofertilizers (Azotobacter spp., Azospirillium spp. and Vermicompost) and three biological 
control agents (Tricoderma viride, Tricoderma harzianum and Pseudomonas florescence) 
against Fusarium moniliforme var. intermedium and F. oxysporum f. sp. gladioli which cause 
saffron corm rot. All combinations showed good results both in the corm yield and the 
number of the leaves per hill but the most beneficial combination was the treatment with T. 
harzianum, Azospirillium spp and mustard cake (792.66 g corm yield / m
2
, 25.47 leaves / hill) 
compared to control (420.33 g / m
2
, 19.64 leaves/hill). 
Mwangi et al. (2018) used 20g neem per plant to examine its efficacy against the harmful 
fungus F. oxysporum f. sp. lycopersici that causes vascular wilt disease in tomato crops. After 
the neem treatment the emergence of fungus decreased by 16.6% compared to control both in 
the non sterile and sterile soil. Whereas, in the case that neem combined with the 
biofungicide, Trichoderma harzianum, the quantity of propagules of the fungus per root 
decreased to 97.9% and 97.5% in non-sterile and sterile soil respectively, compared to 
control. 
22 
 
Mitsuboshi et al. (2018) examined the antifungal activity of rapeseed meal (0.94-4.7 t/ha) and 
compost of coffee waste (40 t/ha per year) in a long-term field experiment of spinach and 
Boston lettuce (1987-2016). Fusarium oxysporum f.sp. spinaciae suppressed very effectively 
with significant differences by both rapeseed meal and compost of coffee residue compared to 
control. However, Fusarium oxysporum f. sp. lactucae was significantly suppressed only by 
rapeseed meal. Rapeseed meal has shown lytic effects and may control the emergence of 
various F. oxysporum ff. spp. (Mitsuboshi et al. 2018). Isothiocyanates are linked to the 
reduction of various fungal soil-borne pathogens and aromatic isothiocyanates seem to be 
more effective than aliphatic ones.  The aliphatic 4-methylsulphinylbutyl isothiocyanate has 
intense fungicidal activity against F. oxysporum (Radojčić Redovniković et al. 2008). 
The fungicide activity of water compost extracts which compost was made of rape, wheat and 
maize straw and pericarp of peas studied in vitro by Mierzwa-Hersztek et al. (2018). After the 
treatment of compost at the concentration of 1 mm
3
/cm
3
, the biomass of the fungi Alternaria 
alternata decreased from 1.211g (control) to 0.618g (49% decrease), Fusarium culmorum 
from 0.682g to 0.238g (65.1%), F. graminearum from 0.810g to 0.289g (64.3%), Rhizoctonia 
solani from 0.557g to 0.311g (44.2%) and Sclerotinia sclerotiorum from 0.930g to 0.560g 
(39.8%). 
Various pulverized and dried seaweeds (Dictyota indica, Padina tetrastromatica, 
Stoechospermum marginatum, Stokeyia indica, Sargassum swarzii, Soliergia robusta and 
Halimeda tuna) used by Ehteshamul-Haque et al. (2013) both in field and in a pot scale 
experiment with soybean and pepper plants in order to examine their fungicidal activity. The 
seaweed powder added and mixed with the soil in concentration 1.0% w/w in the pots 
whereas in the field 70gr of powder mixed with the soil per plot. In the case of soybean plants 
in the pots, Macrophomina phaseolina was suppressed completely compared to control 
(18.7%) after 45 days of treatments with S. indica, Halimeda tuna and Solieria robusta 
whereas in treatment with D. indica, P. tetrastromatica and S. marginatum decreased by 
66.8% compared to control (from 18.7% to 6.2%). Rhizoctonia solani was suppressed 
completely in all treatments compared to control (6.2%), Fusarium solani was suppressed 
completely by S. robusta and significantly decreased by 75.2% after the treatments of D. 
indica and S. swartzii (Ehteshamul-Haque et al. 2013). 
The suppression of the fungi in soybean field was also remarkable as 60days after the 
treatment of H. tuba and S. robusta, M. phaseolina was suppressed completely and after the 
treatment of D. indica the fungus was suppressed by 75.2% compared to control. R. solani 
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significantly decreased by 78.6% after the treatment of S. marginatum and 71.4% after S. 
robusta treatment compared to xontrol. As for F. solani significantly decreased after the 
treatment of S.indica (66.7%) and 83.3% after the H. tuna treatment compared to control 
(Ehteshamul-Haque et al. 2013). 
In case of pepper field and 90 days after the treatments of S. robusta, P. tetrastromaticai and 
S. marginatum, M phaseolina was suppressed completely (0% emergence) compared to 
control (25%). Almost all treatments gave complete suppression of the R. solani and F. solani 
was fully suppressed after the H. tuna, S. marginatum, P. tetrastromaticai and S. robusta 
treatments. In general, all the treatments in both field and pot experiments showed great 
results but the most effective treatment against all tested fungi seemed to be S. robusta 
(Ehteshamul-Haque et al. 2013). Polyunsaturated fatty acids have shown activity against 
fungi and active ingredients such as palmitic acid, linolenic acid, lauric acid, oleic acid and 
stearic acid may have antifungal activity (Chojnacka et al. 2012). 
Dried mulch of hairy vetch (Vicia villosa, Fabaceae) (6.9 tn/ha) was used by Zhou & Everts 
(2012) in order to examine its antifungal activity against anthracnose (Colletotrichum 
orbiculare) and curcubit-rot disease (Didymella bryoniae) in a watermenlon field experiment. 
After the hairy vetch treatment the suppression of Anthracnose reached up to 88.9% 
compared to control (bare ground) whereas the curcubit-rot decreased by 72.7% compared to 
control. This antifungal activity may be attributed to the fact that Vicia villosa prevents the 
surface water from run off to a significant extent which is the way that these pests spread. 
To conclude, from Table 2, it can be observed that most of the researches (63%) have been 
focused on the suppression of the fungus Fusarium oxysporum which has a significant 
number of plant-hosts and cause severe infections. Among the different organic amendments 
the ones derived from plant species of Brassicaceae family (36%), seaweeds (28%), composts 
(16%) and neem (Azadirachta indica) (12% seem to have been examined more and are more 
effective and appropriate against soil-borne diseases caused by fungi (Figure 3). All the 
aforementioned active ingredients that are responsible for the fungicidal activity have been 
found to have a major impact and cause inhibition of mycelia growth. 
24 
 
 
Figure 3. Botanical soil amendments and fungicidal activity 
 
Herbicidal activity 
 
Hoagland et al. (2008) used seed meal of Brassica napus, Brassica juncea and Sinapis alba in 
order to estimate their activity against Triticum aestivum, Echinochloa crusgalli and 
Amaranthus retroflexus at the application rate of 0.3% v/v. In case of T. aestivum, the highest 
decrease compared to control was noticed by the treatment of B. napus (87.1%) and S. alba 
(51.6%) five days after planting. In case of E. crusgalli, the best results appeared by the 
treatment of S. alba that the decrease was 35.4% compared to control. As for A. retroflexus, 
after the treatment of B. napus and S. alba the decrease was 38.5% and 88.5%, respectively 
compared to control. This herbicidal activity is mainly due to glucosinolates and their 
decomposition products isothiocyanates (propenyl isothiocyanate and methyl isothiocyanate) 
(Matthiessen & Kirkegaard 2006). 
Ozores-Hampton et al. (2012) used as organic amendment yard trimmings combined with 
biosolid composts (45 mg/ha) in order to evaluate the herbicidal activity against weeds. In the 
first season and during solarization, thirty days after the organic amendment treatment the 
suppression of weed reached up to 79.8% compared to control (no treatment) and sixty days 
after the treatment the weed suppression was increased to 46.4% compared to control. The 
next year, the weed suppression was increased 60.3%, 45.5% and 55.3% at thirty, sixty and 
ninety days after treatment respectively, compared to control. 
Neem
Brassicaceae
Compost
Seaweeds
Hairy vetch
Dal weed
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Efthimiadou et al. (2012) used barley mulch at various rates (5, 10 and 20 t / ha) in order to 
examine their effectiveness in weed suppression in a field experiment planted with sweet 
maize. After the treatment of barley mulch at the concentration of 20 t / ha and 37 days after 
planting the crop, it was noticed the highest decrease (80.33%)  in the population of 
Amaranthus retroflexus compared to control and 81.2% 67 days after planting the crop. At the 
same rate of the organic amendment (20 t of barley mulch / ha), the emergence of Portulaca 
oleracea decreased by 8.3% and the emergence of Setaria viridis increased by 45.5% 
compared to control, 37 days after planting. The population of Polygonum aviculare showed 
significant decrease 88.3% and 84%, 37 and 67 days respectively, at the lowest rate of barley 
mulch (5 t / ha). The decrease could occur due to allelopathy phenomenon which may be 
appeared in barley mulch against weeds (Perez 1989, Efthimiadou et al. 2012). In general, 
agricultural wastes show allelopathy effects because of substances composed of aromatic 
carbon fractions with low molecular weight (Blum et al. 1999, Marra et al. 2018).  
Matteo et al. (2018) used defatted seed meals (15 mg/ml) of five Brassicaceae plants 
(Brassica nigra, Brassica tournefortii, Eruca sativa, Rapistrum rugosum and Sinapis alba) in 
order to examine their herbicidal effects against Alopecurus myosuroides (black grass). 15 
days after the treatments, B. nigra discouraged completely (100%) the black-grass seeds from 
sprouting, the inhibition of E. sativa was 20% whereas the other treatments did not show 
significant differences compared to control. The glucosinolates sinigrin (2-propenyl 
glucosinolate) which is contained in B. nigra and glucoerucin (4-methylthiobutyl 
glucosinolate) which is contained in E. sativa are responsible for this inhibition according to 
in vitro tests. 
From the table 2, it can be observed that plant species of Brassicaceae family present 
remarkable herbicidal activity apart from nematicidal and fungicidal. 
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Conclusion 
 
To sum it up, most of the research in the recent years, in relation to the pesticide activity of 
botanical organic amendments has been mainly focused on those produced by plants of the 
Brassicaceae and Asteraceae families and neem (Fig. 4) due to their active secondary 
metabolites they contain whose structural formulas are presented in the appendix. These 
active ingredients seem to cause significant suppression not only to microorganisms such as 
fungi but to bigger organisms as well, such as plant parasitic nematodes. 
 
 
Figure 4. Botanical soil amendments and pesticidal activity 
 
It is of great importance the fact that botanical soil organic amendments not only play key role 
to the improvement of soil quality but also contribute to the suppression of soil-borne diseases 
and pathogens. It should be noticed that the application rates of organic amendments for both 
the amelioration of soil quality and   the prevention of soil-borne pathogens move at the same 
pace. 
  
Hairy vetch
Dal weed
Cannabis sativa
Zanthoxylum alatum
Cuphea sp.
Neem
Composts
Asteraceae
Seaweeds
Brassicaceae
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Appendix 
 
Structural formulas of active ingredients of botanical soil organic amendments 
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